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Recently we have described an allergic granu-
lomatous reaction to zirconium present in deo-
dorant sticks (1, 2). This condition, which was
characterized by a sarcoid-type of granuloma,
was shown to be the result of an allergic hyper-
sensitivity to zirconium. It is our purpose in this
report to describe the experimental production of
non-allergic epithelioid granulomas in human
skin and to contrast these with the allergic
zirconium granulomas. A special objective in this
work, also, has been the elucidation of the dis-
tinctive chemical or physico-chemical properties
of the agents which we have found to be capable
of producing a non-allergic granulomatous
response. Surprisingly, very few of the substances
studied stimulated such a reaction consistently.
Although patchy, transitory epithelioid cell
accumulations could occasionally be induced by
a few of the test materials, only the soaps, sodium
stearate and sodium palmitate, could be shown
to induce palpable epithelioid granulomas in
human skin with regularity.
The list of substances, which on the basis of
clinical studies are presumed to produce foreign
body granulomas, is imposing, indeed. It is
shown in Table I below. However, it is significant
that the vast majority of these substances has
not been studied experimentally in man. The
comparatively few experimental studies that
have been described were confined largely to
animals. Interestingly, the ability to respond with
a granuloma was seen occasionally to vary from
one species to another.
The early work on granuloma formation cen-
tered about the reactions to the tubercle bacillus
and various derivative fractions. Sabin, Doan
and Forkner, in 1930, made the original observa-
tion that phthioic acid, a phospholipid isolated
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from the tubercle bacillus, would call forth a
granulomatous epithelioid reaction in certain
animals (39). Since that time great interest has
been evinced in various lipids as granulomagenic
agents. Ray and Shipman have shown that an
epithelioid cell reaction can also be provoked by
lipids from other bacteria, even those which on
natural infection do not call forth a granuloma-
tous response (40). Pagel, also, showed that lipids
derived from the colon bacillus, hemolytic strep-
tococci, pneumococci, and diphtheroid bacilli, as
well as those of the tubercle bacillus, would
induce a granulomatous response in guinea pigs
but not in mice, despite the fact that oils would
excite foreign body granulomas in both animals
with equal facility (41). Except for the fact that
this was simply a variation in species response,
no other explanation could be made for these
differences.
Despite the fact that Harrell failed to confirm
the granulomagenic capacity of phthioic acid in
human skin (42), other lipids, and mixtures of
lipoidal substances were studied and shown to
induce granulomas at least in animals. The studies
of Hass, with natural oils, cod liver oil and olive
oil, and similar ones by Tompkins, were note-
worthy (43, 44). The latter author demonstrated
that commercial lecithins, while exciting a mac-
rophage response, did not provoke maturation of
these cells to epithelioid or giant cells. Hirsch
produced focal granulomatous lesions in the lungs
and internal organs of rabbits after intravenous
injection of a variety of lipids, including human
fat, and human fat plus oleic or stearic acid or
their soaps (45). He pointed out that inflamma-
tion and necrosis preceded the epithelioid cell
reactions and stressed the fact that Abrikossof, in
earlier studies, had concluded that the saponifi-
cation of endogenous lipids released following
trauma or inflammation was important in the
stimulation of the epithelioid response. Hepatic
granulomas have recently been produced in rats
by adding acetylated monostearates to their diet
(46). Interestingly, acetylated monoleate, differ-
ing from the monostearate only in that it contains
a single double (unsaturated) bond, failed to
excite such a reaction.
Within the last few years, an outstanding study
of lipids in granuloma formation has been made
by Ungar (47). This investigator studied many
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TABLE I
Substances causing foreign body grannlomas (3-38)
Agar
Aluminum hydroxide
Aluminum silicate
(Kaolin)
Ambergris
Barium sulfate
Bence-Jones protein
Beryllium
Bone fragments
Cactus
Camphorated oil
Carbon
Carboxymethyl cellu-
lose
Chitin
Cholesterol
Chrome salts
Collagen
Colloidal preparations
Cork
Cotton fibers
Cotton sutures
Diatomaceous earth
Fat
Fish bone
Grain
Hair
Kerasin
Keratin
Lecithin
Lipoids (including soap,
natural oils)
Lycopodium
Lymph node
Mercury
Metal fragments
Methyl violet
Mineral oil
Mucus
Oils
Paraffin
Penicillin
Phospholipids (organ,
bacteria extracted)
Polyvinyl alcohol
Sebum
Selenium
Silica
Silk
Starch
Sulfonamides
Sutures
Talc
Thorn hush
Thorium dioxide
Typhoid vaccine
Urine (urate crystals)
Vegetable matter
Wood
Zirconium
complex synthetic fatty acids in an effort to define
those with the highest granulomagenic activity.
His exhaustive study revealed three substances
which possessed unusual capacities in this regard.
These three were: N-dimethyl 2:4 dimethyl doco-
sylamine HCL, 2:4 dimethyl docosamine HCL,
and 2:4 dimethyl docoso-2 enylamine HCL. The
early reactions seen to each of these was necrosis
with leukocytic immigration and were presumed
to have resulted from a toxic effect. At one week,
however, macrophages appeared in the periphery
of the lesions, and by two weeks, a nodule of
epithelioid cells formed. Some of these granulomas
resembled those seen in tuberculosis, while others
were of the foreign body type, histologically.
Giant cells were frequent and included both the
Langhan's and foreign body varieties. Ungar
emphasized that only 2—5 mgm. of each of these
compounds were required to elicit the granuloma-
tous reaction. Rich has frequently stressed the
significant quantitative aspects of the fatty acids
in the production of granulomas clinically, as in
tuberculosis, noting that not more than one
tubercle bacillus is required to excite giant cell
formation clinically while the experimental lipids
represent many hundreds of milligrams of bacilli
(48). It should be stressed that in all of the work
on experimental granulomagenesis involving
lipids, as well as other substances, no mutual
chemical or physical properties which might have
rendered them granulomagenic have been defined,
except for the fact that these substances were
lipoidal or foreign in nature.
Numerous other granulomatous processes, as
part of diseases such as sarcoidosis, deep fungal,
certain viral or bacterial infections, and the
inoculation, ingestion or inhalation of certain
metals, such as beryllium and silicon, have been
studied. Such responses have been explained on
the basis of hypersensitivity, foreign body reac -
tions, or secondary to endogenous release of
lipids. There is no doubt that the latter mecha-
nism, namely, endogenous release of lipids second-
ary to tissue injury or inflammation, can and often
does excite a granulomatous response. This is
clearly illustrated by the fact that a vast number
of substances, such as milk, blood (homologous or
heterologous), tuberculin, anti-diphtheria serum,
iodine, morphine, iron and arsenic, hair, oils, vase-
line, urates, and a host of other foreign materials
will excite a granuloma in the subcutaneous tissue
readily, but only with difficulty or not at all in
the dermis (4, 5). Moreover, the release of lipids of
the subcutaneous tissue after traumatic fat
necrosis, and in certain infectious disease proc-
esses (erythema induratum, gumma, Weber-
Christian disease) leads to granulomatous
changes, also. It would appear that there is indeed
a common pathogenetic substance or factor re-
sponsible for the granulomatous responses in fatty
tissue, although such has not yet been defined.
With this as a background, we then proceeded
on our investigative program involving the
experimental production of non-allergic granu-
lomas in human skin. It should be stressed that
we were concerned with true epithelioid granu-
lomas and not simply forms of chronic inflamma-
tion which clinically or even histologically some
may regard as a granuloma, but which do not
show epithelioid cell development. Strictly
speaking, the epithelioid cell is the fundamental
cytologic alteration of the vast majority if not
all of the diseases which we classify as granulo-
mas. Furthermore, emphasis should be placed
on the fact that our experimental inoculations
were made into the dermis and not into the sub-
cutaneous fat where it has been reported that a
wide variety of substances may excite local
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epithelioid granulomas. Finally, although we
were especially interested in lipids as granulo-
magenie agents in this study, other representative
non-lipoidal compounds were also tested, includ-
ing some which had been previously cited in the
literature in clinical case reports.
EXPERIMENTAL STUDIES
All of the experimental studies to be described
were performed on healthy adult male volunteers
ranging in age from 20 to 62 years. Both Negroes
and Caucasians were included, although the
former generally predominated among the var-
ious test groups. Skin test areas varied with the
study and will be defined under the specific
sections below. Observations were made daily
and at weekly intervals as required, and appro-
priate biopsy specimens were taken under local
2% procaine anesthesia. The test materials were
prepared for injection as follows:
(1) If liquid, they were used as such, or diluted
with sterile distilled water to the appropriate
concentrations. Saline was not employed as the
vehicle because it decreased the solubility of
many of the lipoidal compounds.
(2) If solid or gel-like, they were warmed
until they went into solution, then allowed to
cool to the point where they were injectable
(40° to 42° C.). Because of the "lag" in the
return of these substances to the solid state with
cooling, this technic was possible in most cases.
In some instances, however, such as the 0.2 M
sodium stearate and sodium palmitate, it was
necessary to grind the materials manually with
a glass homogenizing rod until the proper con-
sistency and optimal homogeneity of the suspen-
sion was attained. Other mechanical methods*
of preparing these suspensions (for example,
with the colloid mill) were also used, but did not
improve significantly the quality of the test sus-
pensions. In addition, a specially prepared*
lyophilized sodium stearate was examined for
possible use. However, while it differed in gross
appearance when dry at room temperature, in
suspension it had to be handled as did the other
forms of sodium stearate used earlier. Under
darkfield microscopy, the same linear particles
were visualized with all of these preparations of
sodium stearate.
* Dr. Chester Poetsch, Smith, Kline & French
Laboratories, Philadelphia, Pennsylvania, kindly
arranged for the utilization of these methods of
preparation of the materials.
Although it was realized that the addition of
alcohol or Tween 80 might have aided in the
solubilization or stability of these preparations,
such vehicles were not used in order to avoid any
possible nccrotizing or inflammatory effect of
these other substances.
All the injections were given through defatted
needles and tuberculin syringes. A 21 needle
was employed routinely. In the case of the sus-
pensions, a test injection onto a glass slide was
made to insure that a fine particulate suspension
had been prepared and would traverse the needle.
A dose of 0. 1 cc. of the various substances was
used routinely. The actual injections were
intradermal and were made carefully so that the
needles were inserted at a distance of at least 0.5
inch in order to minimize loss of the injection
material via "reflux" effect due to tissue tension.
As a clinical index or guide, we relied on the
gross appearance and palpable characteristics
of the injection sites. Early in and periodically
throughout this program, we varified the relia-
bility of this criterion by examining histologically
several of the test sites without any gross visible
or palpable change. It was found that they were
devoid of significant change histologically as
well. In general, then, only palpable lesions were
biopsied and studied microscopically. They were
sectioned serially, fixed in formalin, and stained
with hematoxylin and cosin, or by the van
Gieson technic.
I. In Vivo Studies of Granuloma Formation
A. Test Survey of Various Compounds for
Granuloma genie Potential. In an effort to find
substances which produce granulomas regularly
upon intradermal injection, we examined a
variety of compounds. Many of these sub-
stances had been sited in the literature as granu-
loma-producing compounds, while others were
included because of their chemical similarity. The
majority were lipoidal, although other substances,
including a water-insoluble protein and carbo-
hydrate, were also used. The substances studied
and their grade of purity are listed below. In
parentheses to the right of each compound is
listed the number of volunteers in whom the
material was tested. The skin of the back was
used as the test site throughout. All were
employed in 0.2 molar concentrations except the
India ink which was used in a 1 % concentration,
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and the gelatin and gum arabic, which were used
in 10% concentration.
a papular response without erosion or ulceration
included:
Arachidie acid, commercial
Caproic acid, commercial
Cephalin, biological
Cholesterol, biological
Gelatin
Glycogen, biological
Gum arabic
India ink (Higgins)
Laurie acid, commercial
Lecithin, vegetable, biological
Linoleic acid, biological
Linolenie acid, biological
Monolein, commercial
Monostearin, biological
Monopalmitin, commercial
Myristic acid, commercial
Oetanoic acid, commercial
Oleic acid, commercial
Palmitic acid, commercial
Palmitic acid methyl ester, commercial
Polyethylene glycol, 200, commercial
Salmine sulfate, biological
Sodium oleate, commercial
Sodium palmitate, commercial
Sodium stearate, commercial, Brand A
Stearie acid, methylester, commercial
Stearic acid, commercial
Stearyl alcohol, commercial
Tripalmitin, commercial
Tristearin, commercial
Tween 80, reagent grade
(5 men)
(5 men)
(5 men)
(5 men)
(5 men)
(5 men)
(3 men)
(5 men)
(5 men)
(5 men)
(5 men)
(5 men)
(3 men)
(3 men)
(3 men)
(5 men)
(5 men)
(5 men)
(5 men)
(3 men)
(10 men)
(5 men)
(10 men)
(5 men)
(10 men)
(5 men)
(8 men)
(5 men)
(3 men)
(5 men)
(5 men)
Most of the compounds produced edema and
erythema and some burning on injection. This
usually faded promptly, except in the case of the
fatty acids and stearyl alcohol. These materials
proved quite irritating and often induced marked
whealing at the time of introduction. Further-
more, they often produced erosions leading to
ulcers and crusting in the sites in which they had
been used. Biopsy specimens were obtained from
these areas, some at 2 weeks, and others at 4
weeks when the area had healed considerably,
although palpable reaction was still present.
Histologically they showed infiltration of round
cells and some polymorphonuclear leukocytes
in the dermis, along with considerable basophilic
degeneration and necrosis of collagen fibers.
There were also a few epithelioid cells and giant
cells in the region of collagen destruction. The
number of epithelioid cells found seemed to be
directly proportionate to the amount of tissue
destruction present. The compounds producing
(1) India ink. In all subjects tested, this sub-
stance produced a persistent papule a few days
after injection for as long as eighteen months.
Periodic biopsy of the different areas, at two
weeks, four weeks, and eighteen months revealed
essentially the same picture each time (Fig. 1).
There was much inert black dye spread throughout
the dermis. Some of the dye particles were within
macrophages, while others were extracellular.
There was minimal associated inflammatory
reaction as well, which diminished with later
specimens. Clearly there was no organization into
an epithelioid granuloma, since true epithelioid
cells were not seen.
(2) Sodium oleate. In two of ten men studied,
this substance produced a papule at two weeks.
These lesions were still felt at four weeks though
diminished in size. Biopsy specimens showed the
presence of insoluble oleate surrounded by epithe-
lioid cells and some inflammatory cells. This was
classified as a granulomatous reaction, foreign
body type. However, in some sections, sheets of
epithelioid cells were seen with little or no oleate
lying free in the dermis. In the other eight men,
biopsy specimens were not secured since there
were no palpable reactions at the injection sites.
(3) Sodium pelmitate. In four of five subjects
studied, this compound produced a persistent
papule through two weeks. On study of biopsy
specimen this lesion revealed a definite granu-
lomatous reaction similar to that produced by
sodium stearate described below.
(4) Sodium stearate. Nine of the ten subjects
studied developed a small papule at two weeks at
this injection site. In six of the nine this papule
was still observed at three weeks. These papules
were firm and painless, with no erythema detected
beyond one week. In three men the papules per-
sisted through five to six weeks. Biopsy studies of
representative areas at the 2—4 and 5 week periods
revealed the histologic development of these
lesions. A distinct epithelioid cell reaction with
occasional giant cells and some round cell infiltra-
tion plus variable quantities of sodium stearate
were visualized (Fig. 2). Early lesions showed
greater numbers of acute inflammatory cells. There
was some fragmentation and degeneration of
collagen fibers but this was not a prominent fea-
ture of these sections. The epithelioid response
was not a mere shell surrounding the insoluble
stearate, but was many cell layers in thickness,
clearly representing granulomatous change. It is to
be stressed that the amount of epithelioid reaction
varied in amount from subject to subject. This
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FIG. 1. India ink reaction in human skin. 0.1 cc. of 1% solution of Higgin's India ink was injected
intradermally in the skin of the back of healthy male volunteers. A black papule persisted in these
sites. Biopsy studies of these lesions at various intervals from two weeks to eighteen months revealed
essentially the same picture as shown above. Black pigment is seen scattered throughout the dermis,
within and outside macrophages. There is no organization into an epithelioid granuloma. The collagen
is not markedly distorted and the inflammatory reaction minimal. Mag. X 125. Hematoxylin and eosin.
variation bore a reciprocal relationship to the
quantity of sodium stearate visualized in the
section. Thus in those with the least visible
sodium stearate the epithelioid cell response was
greatest, and vice versa. The stearate itself was
actually being ingested by the maerophages (Fig.
3), and mature epithelioid cells developed. Even-
tually all the stearate was phagocytized, and a
diffuse sheet of epithelioid and giant cells (Fig.
4) was seen.
B. Studies of the Stearate Palmit ate Granulomas.
From the foregoing study, it was apparent that
sodium stearate and sodium palmitate, at least
of the commercial grades, were capable of induc-
ing local epithelioid granulomas in human skin.
It was then decided to examine the production
of the granulomatous reaction by these salts in
greater detail, with special reference to (1) a
possible granulomagenic role of impurities in the
stearate-palmitate salts, (2) requisite concen-
trations, and (3) time relations.
It was true that sodium oleate also did produce
some granulomatous reaction in two of ten men
studied. However, the commercial grade sodium
oleate as used in the above study contained up
to 30% of sodium stearate and related com-
pounds, and it was surmised that such contami-
nants could have been responsible for the reac-
tions seen in the two subjects. As will be learned
in a later section, ultra-pure sodium oleate in the
concentrations used does not elicit any such
granulomatous response.
(1) Possible granulomagenic role of impurities
in the Stearate-Palmitate salts. Three additional
brands of sodium stearate were secured, as
follows: (a) sodium stearate, commercial grade
(Brand B), (b) sodium stearate, commercial
grade (Brand C), (e) sodium stearate, ultra-
pure. *
Fifteen men were treated with each of the
* This compound was specially prepared by the
Applied Science Laboratories of State College,
Pennsylvania. It had a purity of better than
99.5%.
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FIG. 2. Stearate granuloma at four weeks. 0.1 cc. of 0.2 M pure sodium stearate in sterile distilled
water was injected intradermally in skin of back of healthy male volunteer. Biopsy study at four weeks
revealed a diffuse granulomatous reaction, as demonstrated in the above photomicrograph, showing
well-developed epithelioid cells and giant cells. Upper X 146; lou'er X 345; hematoxylin and eosin.
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FIG. 3. Stearate granuloma at two weeks. Biopsy examination of papule resulting from intradermal
injection of 0.1 cc. of 0.2 M sodium stearate in sterile distilled water showed the above picture histo-
logically. Upper photomicrograph (X 125) shows the central, homogeneous mass of the foreign material(stearate) surrounded by phagocytic reticulo-endothelial cells. In the lower photomicrograph under
higher power (X 240) the piecemeal phagocytosis of the stearate is clearly visualized. Hematoxylin
and eosin.
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Fm. 4. Variety of giant cells within granuloma produced by intradermal sodium stearate. Above
photomicrograph illustrates the variation in appearance of the giant cells as seen in a single foreign
body (sodium stearate) granuloma. Because of the manner in which the cells may be sectioned, almost
any variety of giant cell may be seen. Langhan's type is shown at lower left, foreign body type giant
cells on the right. Giant cell in middle approaches that of Touton variety. Mag. X 290. Hematoxylin
and eosin.
three products in a manner similar to the previous
study. Injections of 0.1 cc. of 0.2 M. suspensions
in sterile distilled water were made into the skin
of the backs of these men. An additional five
men received similar injections of 0.2 M. sus-
pensions of sodium stearate (ultra-pure) in
polyethylene glyeol 200 in an effort to test the
effect of other vehicles. Polyethylene glycol was
used because of its water-solubility and greater
viscosity, allowing for better suspensions of the
sodium stearate. Moreover, it had been shown
to excite no granulomatous reaction upon injec-
tion into the skin of the back of ten subjects, five
of whom were again used in the present study of
sodium stearate in polyethylene glyeol.
There was little significant difference in the
reaction of these subjects to the sodium stearate
of these other sources. Eleven of the fifteen
reacted to both of the commercial grade sodium
stearate preparations with a persistent papule
through four weeks. Biopsy studies of these sites
showed an epithelioid granuloma with variable
quantities of sodium stearate. All fifteen had
shown a papule at two weeks, but in four of the
men the lesion was not palpable at four weeks.
The ultra-pure sodium stearate also produced
a two-week papule in all fifteen men, but the
four-week readings revealed palpable lesions in
only ten of the fifteen men. All ten of these men
had reacted to the commercial stearates. On
biopsy at four weeks, it was evident that the
ultra-pure sodium stearate had elicited a granu-
loma equivalent to that of the commercial grade
stearates of this and the previous experiments.
With polyethylene glycol as a vehicle four of
five men tested produced four-week papules
which were granulomatous histologically. They
did not show any significant differences micro-
scopically from the stearate granuloma as pro-
duced with water as the vehicle.
0.1 cc. of ultra-pure sodium palmitate, 0.200
M. in sterile distilled water, injected into the
flank of ten white males, also produced a papule
through 4 weeks in 4 of the five men. Histologi-
cally these were the usual epitheliod granulomas.
From the above study it was concluded that the
fr4 4te
¶1j
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sodium stearate or sodium palmitate was calling
forth the granulomatous reactions described.
There was no evidence that the response was due
to a contaminant chemical such as another lipid.
(2) Critical concentration of sodium stearate
and palmitate required to induce granulomas. It
was of great importance to ascertain the concen-
trations of the stearate and palmitate salts
necessary to produce a palpable granuloma in
human skin. Ten men were selected for this
study on the basis of their previous reactivity to
the 0.2 molar suspensions of the stearate and
palmitate. In each man 0.1 cc. intradermal
injections of 0.001 M., 0.01 M., 0.1 M., and 0.2
M., sodium stearate and sodium palmitate prep-
arations in sterile distilled water were given on
the flank. Palpable reactions did not appear
below the 0.1 M. concentrations. However, a
definite papule was readily seen and felt at the
0.2 M. areas at two weeks in all of the men. At
the 0.2 M. concentrations, these stearate papules
remained through four weeks in 9 of the 10 men.
7 of the 10 men showed palpable reactions at
four weeks at the 0.2 M. sodium palmitate injec-
tion sites. At the 0.1 M. concentration three of
the men receiving sodium stearate and two of the
men receiving sodium palmitate developed
papules at these sites, although these reactions
disappeared by three weeks. The reactions were
smaller in overall size with the lower concentra-
tion. Biopsy specimens taken during this period
revealed an epithelioid granuloma varying in
size with the concentration of salt used. It was
thus concluded that below the concentration of
0.1 M. palpable granulomatous reactions to
sodium stearate and sodium palmitate did not
develop in human skin.
(3) Time relations of the stearate-palmit ate
granulomas. The sequence of growth changes of
the stearate-palmitate granulomas was then
examined. Six men, selected on the basis of their
previously determined good epithelioid response,
were given four intradermal injections (0.1 cc.
each) of 0.2 M. suspensions of sodium stearate
and of sodium palmitate in normal saline. At
three days one site in each man was excised and
sectioned serially. In all, the clumps of stearate
and palmitate were visualized along with moder-
ate inflammatory reactions. No definitive epithe-
lioid cell changes could be identified at this
time. At two weeks a second site was examined,
and a good epithelioid response was seen in all
specimens. It was difficult to distinguish between
the stearate and palmitate reactions, although
the general impression was that the stearate
reaction was somewhat greater. Again variations
in the quantity of the foreign substance were
noted and varied inversely with the overall
epithelioid response. Phagocytosis of stearate or
palmitate by the reticuloendothelial cells is
clearly visualized at this stage (Fig. 3).
At four weeks biopsy study of another papule
revealed a mature granuloma in the form of
sheets and small collections of epithelioid and
giant cells. In some sections fragments of
undigested stearate or palmitate were also
visualized. The overall size of the reaction seemed
smaller in some specimens at this time than at
the two-week period, apparently indicating ear-
her regression of the granuloma in these subjects.
Clinically, the remaining stearate and palmi-
tate papules showed gradual resolution in these
selected subjects in from four to eight weeks.
C. Comparative Effects of Pure Sodium Salts of
Related Acids. In the initial test survey, it was
noted that a variety of fatty acids, at least in the
concentrations used, viz. 0.2 M., failed to pro-
duce any granulomatous reactions in human
skin. It is to be stressed that these included a
spectrum of highly purified fatty acids, from the
lower numbered C atom acids, caproic (C6) and
laurie (C 12), through palmitatic (C 16), stearic,
oleic, linoleic, and linolenic (all C18 but with
varying degrees of saturation) and arachidic
(C20).
It is known that the commercial sodium
stearate which had produced granulomas also
contained appreciable quantities of sodium salts
of other fatty acids. The question arose, there-
fore, as to whether such other soaps, in pure
isolated form, could produce a granuloma com-
parable or superior to that of the ultra-pure
sodium stearate. The following* were then injected
intradermally in the standard fashion, i.e., 0.1
cc. of 0.2 M. concentration, in the skin of the
back of five normal adult white males:
(1) Sodium caproate
(2) Sodium laurate
(3) Sodium oleate
(4) Sodium hinoleate
(C6)
(C12)
(C18)
(C18)
* All of these compounds were specially pre-
pared by the Applied Science Laboratories, State
College, Pennsylvania. They had a purity of at
least 99.5%
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(5) Sodium linolenate (C18)
(6) Sodium behenate (C22)
Both of the linoleate and linolenate salts pro-
duced burning, residual erythema and whealing
after injection. Several of these sites later devel-
oped ulcerations with surrounding palpable
reactions by two weeks. Within four weeks,
however, the lesions were healed, showing mini-
mal clinical evidence of underlying inflammation.
Biopsy studies of representative lesions of these
injection sites at two and at four weeks revealed
evidence of tissue destruction, with necrosis of
collagen fibers, infiltration of round cells, and
some epithelioid cells in the region of the tissue
destruction. However, the epithelioid cells were
few in number as compared to the stearate-
palmitate granulomas described previously.
In two of the five subjects sodium behenate
produced a palpable reaction through two weeks.
Although it had diminished in size, a papule
persisted at this site for three weeks in one of
these two subjects and a biopsy was taken at this
time. An epithelioid granuloma was visualized
with some associated inflammatory cell infiltrate.
This granulomatous reaction was smaller in
overall dimensions than that generally observed
with sodium stearate. At three weeks the be-
henate site in the other subject had become
impalpable. However, this site was also examined
histologically and revealed only a few scattered
epithelioid cells and residual chronic inflamma-
tory cell infiltrate. No clear cut granuloma was
seen.
None of the other compounds studied produced
a palpable reaction in any of the test subjects.
It should be emphasized that sodium oleate,
sodium linoleate and sodium linolenate differ
from sodium stearate only in that they contain
unsaturated double bonds. As we proceed from
oleate to linoleate to linolenate, an unsaturated
double bond is added, with oleate possessing one
and linolenate three such bonds.
On the basis of the above study, it was con-
cluded that pure preparations of sodium salts of
other related fatty acids lack the ability to induce
a local granulomatous reaction, comparable to
that of sodium stearate and sodium palmitate.
Conclusions—Part I
(1) Of all the substances studied, the soaps,
sodium stearate and sodium palmitate, were
strikingly superior in their ability to induce con-
sistently palpable local epithelioid granulomas
in human skin. These granulomas developed with-
in two weeks and generally had completely
regressed clinically by six weeks.
(2) It should be emphasized that these granu-
lomas were produced by specially prepared
ultrapure stearate and palmitate salts, thus
eliminating the possibility that a contaminant
substance was responsible.
(3) The granulomatous response was dermal,
after intradermal and not subcutaneous injections.
It has long been known that subcutaneous injec-
tions of many substances can induce a granulo-
matous response, presumably after tissue injury
and release of lipids from the subcutaneous fat.
The sodium stearate and sodium palmitate did
not induce significant local inflammation and
tissue destruction. These findings indicated that
the epithelioid granulomatous reaction was
stimulated by the substances themselves, viz.,
the sodium stearate and sodium palmitate, and
was not the result of secondary (endogenous)
release of granulomagenic substances from the
tissue.
(4) All of the pure fatty acids failed to induce
such palpable granulomatous reactions. Pure
preparations of other saturated soaps, such as
sodium caproate and laurate, with fewer carbon
atoms, and sodium behenate, with more carbon
atoms, failed to induce such granulomas, although
some spotty granulomatous change was seen
occasionally with the latter compound. In addi-
tion, other unsaturated C18 soaps, e.g., sodium
oleate, linoleate and linolenate, failed to induce
palpable granulomas.
II. In Vitro Studies of Stearate-
Palmitate Granutomas
In the first part of this work we had demon-
strated that ultra-pure sodium stearate and pal-
mitate, in contrast to a host of other test com-
pounds, were capable of inducing epithelioid
granulomas with regularity. Casual examination
of the chemical and physical properties of these
compounds failed to indicate why they should be
so effective in this regard. Accordingly, it was
decided to study further these compounds in
vitro in an effort to elucidate the special property
or properties responsible for this distinctive
granulomagenic effect.
A. Importance of Solubility. In attempting to
account for the unusual granulomagenic capacity
COLLOIDAL STATE AS STIMULUS FOR NON-ALLERGIC EPITHELIOID GRANULOMAS 213
of sodium stearate and palmitate, we considered
first the significance of solubility of the various
compounds. During the in vivo studies, we had
been impressed with the relative insolubility of
the sodium stearate and palmitate, in contrast
to the other soaps and fatty acids. It was soon
realized, however, that sodium behenate, which
had failed to regularly induce local epithelioid
granulomas when injected into human skin, was
even more insoluble in water than were the
stearate and palmitate. The behenate had to be
heated to higher temperatures and lower concen-
trations were used to achieve comparable degrees
of solubility. Moreover, several of the other com-
pounds tested in vivo, such as the mono and
triglycerides of palmitic and stearic acids and the
stearic acid methyl ester also were quite insoluble
but produced no epithelioid granulomas compar-
able to those of the stearate and palmitate.
We concluded therefore that mere insolubility
would seem to be an unlikely explanation for the
granulomagenic properties of the sodium stearate
and palmitate. Indeed, these compounds were
not the most insoluble of the various substances
studied.
B. Effect of Plasma on Test Compounds.
Although much was known of the chemistry of
the various compounds under study, there was
no knowledge of the changes which these com-
pounds underwent physically or physico-
chemically when exposed to the pH, electrolytes,
proteins, lipids, and other substances of the
dermis, interstitial fluid and serum. it seemed
reasonable to assume that the injected com-
pounds were solubilized or so altered to allow
removal by the vascular system. If they were
not removed by the vascular system, then another
basic tissue response would be required. It was
thus decided to duplicate as nearly as possible
the chemical characteristics of the tissue in
vitro and to determine the nature of the chemical
or physical alterations of the test compounds
when placed in this milieu.
After any tissue injury, such as would be
induced by intradermal injection of fatty acids
or their salts, for example, there is release or
diffusion of plasma across the vascular mem-
brane. The protein, lipids and other components
of the plasma are then added to the interstitial
fluid. It seemed most appropriate, therefore, to
examine the effect of plasma on the test com-
pounds since clearly this fluid duplicated most
All at 37CC. 0.2
M Concentration
in Human
Plasma
Sodium cap-
roate
Sodium lau-
rate
Sodium pal-
mitate
Sodium ste-
arate
Sodium ole-
ate
* Large needle-shaped or lamellar structures,
measuring 10—200 microns in length. In reality
these are aggregates of the smaller colloidal
micellar particles (see Fig. 5 and text).
completely the tissue environment following such
injections.
Illustrated in Table I are the effects of plasma
at 38°C. on pure preparations of the various salts
of the fatty acids. The salts were added to 10 cc.
of pooled human plasma, mixed and placed in the
incubator at 38°C. Observations were made at
30 minutes and at 24 hours. The 24 hour read-
ings are recorded in Table II. Except for sodium
laurate, there was no appreciable change in the
appearance of the test substances between the
30 minute and 24 hour observations. While the
sodium laurate was incompletely dissolved in the
plasma after 30 minutes, it was completely in
solution after 24 hours. Both the gross and
microscopic appearance of the various com-
pounds in plasma are recorded in Table II. The
microscopic study was carried out under dark-
field microscopy (970 X).
It should be added that pure preparations of
the fatty acids of the eight salts recorded in Table
II were also studied similarly in plasma. While
several of the acids were soluble in plasma, the
stearic, palmitic and behenic acids still showed
TABLE II
Gross Appearance
soluble
soluble
insoluble
insoluble
turbid, fine dis-
persion; no
precipitate
turbid, fine dis-
persion; no
precipitate
turbid, fine dis-
persion; no
precipitate
insoluble
Microscopic
Appearance
(Darkfield)
supermicelle
formation*
supermicelle
formation*
sludge-like
masses
sludge-like
masses
sludge-like
masses
large clumps
Sodium lino-
leate
Sodium lino-
lenate
Sodium be-
henate
FIG. 5. "Supermicelles" of sodium stearate. Under darkfleld microscopy, 0.2 M sodium stearate in
plasma reveals the above shown thread-like structures. These tend to clump together and result from
the aggregation of numerous smaller colloidal particles, known as micelles. Sodium palmitate forms
similar structures. Mag. X 600.
FIG. 6. Stearic acid crystals in plasma. 0.2 M stearic acid in human plasma produced the above picture
under darkfleld microscopy. Note the presence of numerous crystals of the acid. Compare with Fig. S
in which the supermicelles of sodium stearate are shown. Mag. X 450.
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varying degrees of insolubility. Examination of
these acids in plasma under the darkfield micros-
cope revealed only crystals of the various acids
(Fig. 6), but no linear or lamellar shaped struc-
tures comparable to those of the sodium stearate
and palmitate.
In addition, examination of the eight soaps in
similar concentrations in distilled water and
saline revealed changes similar to those recorded
above in plasma. Again, only the sodium stearate
and sodium palmitate showed the distinctive
"supermicelle" formation as visualized under
darkfield microscopy.
The above study revealed no unusual gross
effects of the plasma on the sodium stearate and
palmitate. However, examination under darkfield
microscopy did reveal that these compounds
shared a special property in distinction to all of
the other soaps and fatty acids examined. This
special property was the formation of needle-
shaped or lameller "supermicelles" in an aqueous
medium. These supermicelles, which range from
10 to 200 microns in length, represent aggregates
of smaller micelles of the soaps. The latter are
also linear or plate-shaped and are truly colloidal
in size (0.1—1.0 microns). They are visible oniy
under electron microscopy.
These changes are an indication of the capa-
city of sodium stearate and palmitate to form
colloidal systems. The linear micelle of these
soaps represents the basic colloidal particle.
Comment
The above in vitro studies indicate that sodium
stearate and palmitate share the following dis-
tinctive properties:
1. They are relatively insoluble in an aqueous
medium as compared to the other compounds
studied.
2. Under darkfleld microscopy it can be seen
that, in the concentrations employed, they alone
have the capacity to aggregate into long linear
or lamellar particles. These large soap particles
have been designated "supermicelles" since they
are formed by the joining together of many
smaller colloidal particles (micelles).
Both of the above properties are an indication
of the relative capacity of these soaps, sodium
stearate and sodium palmitate, to form colloidal
systems. The literature contains abundant
evidence supporting the fact that sodium stearate
and sodium palmitate form micellar colloids
more readily than do any of the other compounds
studied (49, 50). It is known that some of the
other soaps of this series, viz., sodium laurate and
sodium oleate, also may form micellar colloids.
However, because these compounds pass into
true solution much more easily than do sodium
stearate and palmitate, higher concentrations are
required to induce colloidal change. Thus the
series of soaps studied here present a spectrum of
compounds of varying ability in the production
of colloidal systems. At the one extreme there
are the smaller molecules containing fewer car-
bon atoms, sodium caproate (C6) and sodium
laurate (C12). In the concentrations employed,
these soaps pass into true solution. At the
opposite end of the spectrum is sodium behenate
containing a hydrocarbon chain of 20 carbon
atoms. This compound is so insoluble as to allow
for little or no colloidal change. Near the middle
of the series are found the saturated salts, sodium
palmitate and sodium stearate, containing 16
and 18 carbon atoms respectively. Because they
are relatively insoluble, they enter the colloidal
state most readily. It is to be noted that the other
C18 soaps, sodium oleate, sodium linoleate and
sodium linolenate, are unsaturated salts. The
presence of these unsaturated bonds increases
the water-solubility of these compounds. Because
of this, they do not produce colloidal systems as
readily as does the saturated C 18 soap, sodium
stearate.
Finally, it should be stressed that sodium
stearate and sodium palmitate form hydrophilic
(stable) colloids. They may also be called micellar
colloids, since the fundamental colloidal particle
is a micelle.
As a result of the above in vitro studies, we
concluded that the single outstanding property
shared by the soaps, sodium stearate and sodium
palmitate in distinction to the other compounds
studied, was their ability to form micellar
colloidal systems. That this property was of
special significance in relation to granuloma for-
mation is supported by the fact that colloidal
particles, in the form of dyes and other prepara-
tions, have long been known to call forth phago-
cytosis by reticulo-endothelial cells (51).
However, the nature of the stimulus inducing
the development of the epithelioid cells has not
yet been defined. To support further our hypo.
thesis that micellar colloids have the capacity to
induce epithelioid granuloma formation, we refer
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to the fact that various phospholipids have often
been described as granulomagenic agents (5).
Such phospholipids also produce micellar colloids
(50). In contrast, non-micellar colloid forming
compounds, such as gelatin and gum arabic,
were shown in our in vivo studies to be incapable
of inducing local epithelioid granulomas despite
the fact that they were used in 10% concentra-
tions, roughly twice that of the most concen-
trated stearate and palmitate test preparations.
Finally, other insoluble compounds, such as
India ink, readily induced phagocytosis, but did
not produce epithelioid granulomas comparable
to those called forth by sodium stearate and
palmitate. India ink, it should be stressed, does
not form true colloidal systems, since it is com-
posed of large (greater than one micron) particles
visible under the light microscope.
Conclusions—Part II
In vitro study of the various soaps and fatty
acids employed in this investigation revealed that
sodium stearate and sodium palmitate, in con-
trast to all of the other compounds studied,
shared a single outstanding property, viz., the
ability to form micellar colloidal systems.
This special property of the sodium stearate
and sodium palmitate appears to be responsible
for the unusual epithelioid granuloma inducing
capacity of these compounds because of the
following evidence:
1. The literature contains numerous reports
describing the stimulation of reticulo-endothelial
phagocytic activity by a variety of colloidal
compounds.
2. Other micellar colloids, such as produced
by certain phospholipids, will induce epithelioid
granulomas in human skin.
3. Non-micellar colloid forming compounds
such as gelatin and gum arabic, failed to induce
epithelioid granulomas in human skin.
4. Non-colloidal substances, such as India
ink, which may stimulate phagocytosis, do not
induce typical epithelioid granulomas.
DIscUssION
Out of this investigation emerges the surprising
finding that despite the fact that the literature
abounds in clinical case reports of foreign body
granulomas due to a great variety of substances
(sec Table I), it is rather difficult to produce a
granuloma experimentally in the dermis of
human skin with any but a few of many agents
tested. Of all the substances examined, the
majority of which were lipoidal, sodium stearate
and sodium palmitate were by far the most con-
sistently reactive granulomagenically. Some of
the other substances may have produced a
microscopic epithelioid response. However, so-
dium stearate and sodium palmitate regularly
induced a clinically palpable reaction in two
weeks. In most subjects these persisted for four
weeks and were clearly granulomatous histolog-
ically. Moreover, it appeared that the reticulo-
endothelial cells had been called forth primarily
by these salts and not by any compounds second-
arily released as a result of tissue destruction. In
this regard it is noteworthy that the injection of
sodium stearate and sodium palmitate induced
some local pain, edema, and erythema. How-
ever, this generally subsided within 5—7 days.
Microscopically there was little damage to the
dermis or adnexae.
It is significant that the epithelioid granulomas
produced by sodium stearate and sodium palmi-
tate in these studies were reactions to pure com-
pounds. Lipids are among the most difficult
substances to purify chemically and, in the earlier
investigations described in the literature, impure
compounds, mixtures of lipids, or natural oils
which contain several lipids, as well as other
impurities, were employed. It should be recalled
that the other soaps and fatty acids used in our
studies, all of which failed to induce epithelioid
granulomas, also were of the highest purity.
In no instance were we able to produce granu-
lomas by the topical application of sodium stea-
rate to abraded skin. This is consistent with the
fact that the daily use of soaps containing sodium
stearate and similar compounds by millions of
people throughout the country does not produce
granulomas.
It should be stressed that the stearatc granu-
lomas arc not permanent or even long-lived. With
the amounts we introduced, they were generally
not palpable beyond four to five weeks. Very
rarely were they felt at seven to eight weeks, and
were, in all of these cases, gone at ten weeks. This
period is a measure of the time required by the
reticulo-endothelial cells to ingest and destroy
the foreign sodium stearate masses and thus
represents the duration of the granulomas.
Undoubtedly the individual variation in the
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reactions seen was a reflection of variations in
the ability to perform this function.
In another study, potassium stearate and
potassium palmitate were also examined for
their granulomagenic capacity. Although in
general they produced similar reactions, they
were not considered comparable to the sodium
salts because they were far more irritating to the
tissue. More marked erythcma and edema and,
indeed, necrosis of the collagen was noted with
the potassium salts. It was felt initially that they
might be contrasted with the sodium salts, since
the potassium salts tend to be more soluble.
It is important to point out that the granulo-
matous response to sodium stearate is not on the
basis of allergic reactivity. It can be sharply
contrasted with the typical allergic granuloma-
tous responses produced by zirconium in patients
with zirconium deodorant granulomas. In the
latter case only a minority of people can react,
i.e., only those people who arc immunologically
prepared as a result of their allergic hypersensitiv-
ity to zirconium. The great majority of the
population, therefore, would not produce any
granuloma after skin tests with zirconium salts.
In addition, relatively large quantities of sodium
stearatc arc required to elicit the granulomatous
response which unusually dilute preparations of
the zirconium will produce in the susceptible
individual. Often even 0.0001 M. zirconium salts
will stimulate the formation of a granuloma in
the allergic individual. On the other hand, as re-
called from our study, concentrations below 0.1
M. sodium stearate or sodium palmitatc failed to
induce such reactions. Moreover, while stcaratc
granulomas resolve clinically within a few weeks,
the allergic granulomas usually reach their peak
at 3—6 weeks, and persist for months to years. In
general, the allergic granulomas arc still growing
when the stearate granulomas have completely
resolved.
It is useful to enumerate the steps which we
believe arc involved in the formation of a local
epithclioid granuloma in human skin by sodium
stcaratc or sodium palmitate. Much of this is
purely speculative, of course, and it is probable
that the process is considerably more complex
than we shall indicate. Nevertheless, on the basis
of the observations made in the foregoing studies
we have developed the following interpretation
of the development of these granulomas. In
tissue fluid or plasma at 38° C., sodium stcaratc
and sodium palmitate tend to precipitate out as
insoluble clumps. These clumps represent aggre-
gates of "supcrmicellcs", the long linear or plate-
like structures described earlier. These super-
miccllcs arc 10—200 microns in length, too large
to be removed by the blood stream or lymphatics.
As the tissue fluid bathes these insoluble masses,
it is probable that there is the formation of some
colloidal micellar particles at that interface of the
foreign mass and the tissue fluid. These micellar
particles are small, of colloidal dimensions
generally less than 1 micron overall, and may be
solubilizcd or swept away by the vascular system.
However, some of them and indeed much of the
mass of foreign material remains localized at the
injection site. Another basic tissue response is
required to dispose of it. This tissue response
involves phagocytosis of the insoluble material
by macrophages. Whether the insoluble masses
arc broken down extra-cellularly by enzymes
released by the various cells of the infiltrate and
then phagocytizcd, or whether the macrophagcs
ingest particles of the insoluble soap in piecemeal
fashion and alter it intracellularly, is not yet
clear. A combination of these mechanisms may
well be operative. However, once the soap is
phagocytizcd, intracellular hydrophilic colloids
arc apparently formed. With this there is great
increase in the colloid osmotic pressure within the
cell. Water is then drawn into the macrophagc
until an equilibrium is reached. The end result
is the development of large cells with pale,
faintly staining, homogeneous cytoplasm. These
are the classical cpithelioid cells of these granu-
lomas. Giant cells represent simply a multi-
cellular effort to phagocytize larger masses. The
cytoplasm of these giant cells is identical with
that of the single cpithelioid cells. It would seem
likely that because of these surface arca-colloid
osmotic pressure effects imposed by colloidal
material, many more macrophages arc required
to ingest such substances than would be necessary
for equivalent quantities of insoluble particulate
matter. Thus, the resultant collection of epithe-
lioid cells provides for the formation of an epithc-
lioid granuloma.
JR contrast to the above proposed changes in
tissue with sodium stearate and sodium palmi-
tate, let us consider the other soaps of the series
and their disposition after being deposited in the
skin. We have demonstrated that most of the
other soaps are more soluble in aqueous media
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than are sodium stearate and palmitate. These
include sodium caproate and sodium laurate,
with fewer carbon atoms, and the unsaturated
C18 soaps, sodium oleate, linoleate and linole-
nate. It is apparent that in the concentrations
employed, these soaps would be solubilized and
readily removed by the vascular system as would
sodium chloride or any soluble substance. It is
possible also that the sodium oleate, linoleate and
linolenate, which can form micellar colloids may
be carried to other organs or the regional lymph
nodes and induce phagocytosis by reticulo-
endothelial cells at these sites. However, it is
apparent that only by flooding the organism with
considerably greater amounts of these compounds
would such changes produce clinical signs. Some
may have been excreted by the kidney, although
we have no evidence to prove this. It is to be
noted that some minimal granulomatous change
was seen uncommonly with the saturated C22
compound, sodium behenate. While in most
instances no palpable granulomas developed after
sodium behenate, it is conceivable that some
colloidization of the generally insoluble sodium
behenate may have been achieved in these in-
stances, resulting in local epithelioid granuloma
formation. Such behcnate granulomas, it should
be recalled, were smaller and of shorter duration
than were the stearate-palmitate granulomas.
'While stearate and palmitatc, amongst the
spectrum of soaps studied, enter the colloidal
state most readily, it seems entirely plausible
that in certain instances, some colloid formation
is possible with some of the other compounds,
given the proper concentration, temperature,
and electrolyte milieu. An alternative possibility
would be that partial metabolic breakdown of
sodium behenate occurred in those instances, with
the formation of stcarate or palmitatc and sub-
sequent granuloma formation.
Fundamentally then, cpithelioid granulomas
could be produced by substances which have the
following capacities, at 37° C., in the environment
of the interstitial fluid plus plasma:
1. Localization at a given site in sufficient
quantity. This could be achieved by mere insolu-
bility as is the case with sodium stearate and
palmitate. However, other mechaniams, such as
chemical binding with the collagen, may also
allow for similar localization of certain com-
pounds.
2. Ability to enter the colloidal state. Insolubil-
ity alone is not enough, since the material, if not
degraded enzymatically, is either walled off with
fibrosis or is simply ingested piecemeal by macro-
phages without the formation of epithelioid cells.
It must, in addition, possess the capacity to form
colloids. In brief, one could characterize a com-
pound which fulfilled the above criteria as a
localized "colloid generator". Thus, the failure
of true solutions, which are solubilizcd and swept
away, and of completely insoluble substances
which do not form colloids, to produce epithe-
lioid granulomas is readily appreciated on this
basis. Moreover, colloidal substances which may
be solubilized by the tissue fluid and plasma, such
as gelatin as demonstrated in our experiments,
also will not produce local epithelioid granulomas
since they are swept away by the vascular system.
Confirmatory evidence for this concept appears
in our studies on experimental silica granulomas
(52).
Finally, one may dwell on the possible signifi-
cance of these findings in relation to the produc-
tion of granulomas in fatty tissue. It is known
that animal fat, i.e. subcutaneous fat and the fat
found in and about deeper organs, contains fatty
acids, such as palmitic and stcaric acids, in con-
centrations approximating 30% (53). Now it is
true that we were unable to produce a granuloma-
tous reaction with the fatty acids themselves,
but did so consistently with the sodium salts of
these acids. If it were possible that sodium salts
were formed secondary to the release of the
fatty acids, then the production of a local epithe-
lioid granuloma could be appreciated. Such salts
could be formed in a variety of ways. One possible
mechanism involves reduction of tissue pH to
that of the pK value of palmitic or stcaric acids.
This would result in the formation of sodium salts
of these acids. The pK values of stearic and pal-
mitic acids are in the region of 5.5. It is known
that any form of tissue damage or injury results
in a reduction of the tissue pH. Thus, with
reduction of the tissue p11 presumably to the
level which would cause the stcaric or palmitic
acid to form sodium stearate or sodium palmi-
tate, we could have the requisite compounds
necessary to produce a local epithelioid
granuloma. This indeed may be the mechanism
by which traumatic fat necrosis and other forms
of injury to the subcutaneous tissue by foreign
bodies, tuberculin, chemicals, and the like result
COLLOIDAL STATE AS STIMULUS FOR NON-ALLERGIC EPITHELIOID GRANULOMAS 219
in granulomatous change. However, this specula-
tion will require further study.
SUMMARY
(1) The experimental production of non-
allergic granulomas in human skin with pure
preparations of the soaps, sodium stearate and
sodium palmitate, has been described. These
compounds showed marked superiority over a
host of other compounds, including other pure
preparations of related soaps and fatty acids, in
the production of this tissue response.
(2) As a result of in vitro studies, in which
solubility and the effects of plasma at 38° C.
upon these compounds were studied, it was con-
cluded that the special granulomagenie capacity
of sodium stearate and sodium palmitate resides
in their ability to form colloidal systems com-
posed of micellar particles. Fundamentally this
change takes place at the interface between the
foreign soap and the tissue fluid or intracellularly
after phagocytosis of soap particles by macro-
phages. Once ingested by the phagocytes, the
soaps produce intracellular colloidal systems.
Such phagocytes, filled with eolloid, then have a
high colloid osmotic pressure and water is
drawn into the cell. This results in the large,
pale, faintly-staining epithelioid cell of these
granulomas. Sodium stearate and palmitate may
be characterized as localized "colloid generators"
in the production of these granulomas.
(3) The length of life of these granulomas is
represented by the period required for the inges-
tion and metabolism of the foreign material. In
most cases it does not exceed five weeks for the
amounts used in this study. However, in some
eases it may extend as long as 8—9 weeks. It is
felt that this latter variation represents a genetic
difference in the functional capacity of the retie-
ulo-endothelial system of these individuals.
(4) It was stressed that the stearate and pal-
mitate granulomas are not allergic in nature and
may be sharply contrasted with the allergic
granulomas, such as the zirconium deodorant
granuloma, on the basis of duration, concen-
tration required to elicit the response, and inci-
dence.
(5) Finally, the possible importance of the
local formation of sodium stearate and sodium
palmitate secondary to tissue injury and inflam-
mation and resultant local epithelioid granulomas
was discussed.
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